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Inhibitors of MMP-3 could thus influence the activity of other desmictive proteinases by modifying 
:he level of their endogenous inhibitors, 

A number of diseases are thought to be mediated by excess or undesired matrix-destroying 
metalloprotease activity or by an imbalance in the ratio of the MMPs to the TLMPs. These include: 
a) osteoarthritis fWoessner. et al., J. Biol.Chem. 252(6). 3633, 1984; Phadke, et al.. J. Rheumatol. 
10. 852. 1983). b\ rheumatoid arthritis (Mullins, et al.. Biochim, Biophys. Acta $2£, 117. 1983: 
VVoolley. et al.. -Arthritis Rheum. 2fi, 1231, 1977; Gravailese. et al.. Arthritis Rheum. 2£ 1076. 
!991). c) septic arthritis (Williams, et al.. .Arthritis Rheum. H 533. 1990), d) tumor metastasis 
(Reich, et al.. Cancer Res. 48, 3307. 1988, and Matrisian, et al.. Proc. Nat'L Acad. Sci.. USA fii 
9413. 1986), e) periodontal diseases (Overall, et al., J. Periodontal Res. 2Z, 81, 1987), 0 corneal 
ulceration (Bums, et al.. Invest. Opthalmol. Vis. Sci. Jfl, 1 569. 1989), g) proteinuria (Baricos, et al., 
Biochem. J. 2^4, 609, 1988), h) coronary thrombosis from atherosclerotic plaque rupture (Henney, 
et al.. Proc. Nat'l. Acad. Sci., USA £&, 8154-8158. 1991), i) aneurysmal aortic disease (Vine, et al., 
Clin. Sci. 233, 1991), j) birth control (Woessner, et al.. Steroids £4, 491, 1989), k) dystrophobic 
1 5 epidermolysis bullosa (Kronberger. et al., J. Invest. Dermatol. 79, 208, 1 982), and I) degenerative 
cartilage loss following traumatic joint injury, m) conditions leading to inflammatory responses, 
osteopenias mediated by MMP activity, n) tempero mandibular joint disease, o) demyelating 
diseases of the nervous system (Chantry, et al.. J, Neurochem. 688, 1988). 

The need for new therapies is especially important in the case of arthritic diseases. The 
20 primary disabling effect of osteoarthritis (OA), rheumatoid arthritis (RA) and septic arthritis is the 
progressive loss of articular cartilage and thereby normal joint function. No marketed 
pharmaceutical agent is able to prevent or slow this cartilage loss, although nonsteroidal anti- 
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inflammatory drugs (NSAIDs) have been given to control pain and swelling. The end result of these 
diseases is total loss of joint function which is only treatable by joint replacement sureery. MMP 
inhibitors are expected to halt or reverse the progression of cartilage loss and obviate or delay 
surgical intervention. 

5 Proteases are critical elements at several stages in the progression of metastatic cancer. In 

:his process, the proteolytic degradation of structural protein in the basal membrane allows for 
expansion of a tumor in the primary site, evasion from this site as well as homing and invasion in 
distant, secondary sites. Also, rumor induced angiogenesis is required for tumor growth and is 
dependent on proteolytic tissue remodeling. Transfecuon experiments with various types of 

i 0 proteases have shown that the matrix metallopro teases play a dominant role in these processes in 
particular gelatinases A and B (MMP-2 and MMP-9. respectively). For an overview of this field see 
Mullins. et al.. Biochim. Biophys. Acta §95, 177, 1983; Ray, et al., Eur. Respir. J. 7, 2062, 1994; 
Birkedal-Hansen, et al.. Crit. Rev. Oral Biol. Med. 4, 197. 1993. 

Furthermore, it was demonstrated that inhibition of degradation of extracellular matrix by 

1 5 the native matrix metailoprotcase inhibitor TLMP-2 (a protein) arrests cancer growth (DeClerck, et 
al.. Cancer Res. $2, 701. 1992) and that TIMP-2 inhibits tumor-induced angiogenesis in 
experimental systems (Moses, et al. Science 24& 1408, 1990). For a review, see DeClerck, et al., 
Ann. N. Y. Acad. Sci. 722, 222, 1994. It was further demonstrated that the synthetic matrix 
metal lo protease inhibitor batimastat when given intraperitoneally inhibits human colon tumor 

20 growth and spread in an orthotopic model in nude mice (Wang, et al. Cancer Res. 54, 4726, 1994) 
and prolongs the survival of mice bearing human ovarian carcinoma xenografts (Davies, et. al., 

3 
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Cancer Res. 51 2087. 1993). The use of this and related compounds has been described in Brown, 
et a!.. WO-9321942 A2. 

There are several patents and patent applications claiming the use of metailoproteinase 
inhibitors for the retardation of metastatic cancer, promoting tumor regression, inhibiting cancer cell 
proliferation, slowing or preventing cartilage loss associated with osteoarthritis or for treatment of 
other diseases as noted above (e.g. Levy, et ah. WO-95 1 9965 A L : Beckett, et al.. WO-95 1 9956 A 1 : 
Beckett etah. WO-95 19957 Ah Beckett, et al.. WO-95 19961 Al; Brown. eiaL WO-9321942 A2; 
Crirnmin.etaJ., WO-9421625 Al; Dickens, et al.. U.S. Pat. No. 4.599,361; Hughes, et al., U.S. Pat. 
No. 5.190.937; Broadhurst. et ai.. EP 574758 Al; Broadhurst, et al., EP 276436; and Myers, et al., 
EP 520573 A I. The preferred compounds of these patents have peptide backbones with a zinc 
complexing group (hydroxamic acid, thiol, carboxyiic acid or phosphinic acid) at one end and a 
variety of sidechains. both those found in the natural amino acids as well as those with more novel 
functional groups. Such small peptides are often poorly absorbed, exhibiting low oral 
bioavailability. They are also subject to rapid proteolytic metabolism, thus having short half lives. 
15 As an example, batimastat, the compound described in Brown, et al., WO-932 1 942 A2, can only be 
given intra peritoneally. 

Certain 3-biphenoylpropanoic and 4-biaryloylbutanoic acids are described in the literature 
as ami-inflarnmatory, anti-platelet aggregation, anti-phlogistic, anti-proliferative, hypolipidemic, 
antimeurnatic, analgesic, and hypocholesteroiemic agents. In none of these examples is a reference 
20 made to MMP inhibition as a mechanism for the claimed therapeutic effect Certain related 
compounds are also used as intermediates in the preparation of liquid crystals. 
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Specifically. Tomcufcik. et al.. US patent 1784,701 claims certain substituted 
benzoylproptonic acids to treat inflammation and pain. These compounds include 
3-biphenoylpropanoic acid (a.k.a. fenbufen) shown below. 




OH 



o-o p 

Fenbufen 



Child, et al.. J. Pharm. Sci. ££, 466, 1977 describes structure-activity relationships of several 
analogs of fenbufen. These include several compounds in which the biphenyl ring system is 
substituted or the propanoic acid portion is substituted with phenyl, halogen, hydroxyl or methyl, 
or the carboxylic acid or carbonyl functions are convened to a variety of derivatives. No compounds 
are described which contain a ^-substituted biphenyl and a substituted propanoic acid portion 
combined in one molecule. The phenyl (compounds XLDC and LXXVTJ) and methyl (compound 
XL VII) substituted compounds shown below were described as inactive. 



O CH 3 

o 

XLvn 





XLDC 




LXXVTJ 



Kameo, et al., Chem. Pharm, Bull. 2& 2050, 1 988 and Tomizawa, et al., JP patent 62 1 32825 
A2 describe certain substituted 3-biphenoylpropionic acid derivatives and analogs thereof including 
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-hcremX = H.4,fl, 4 , a4 , CH)0r2 ._ Br 
Cousse. « a].. Eur . j. Med Chem 45 





wherewX-H.CI.Br.CH.O.F.orNH, 

EI-Hwhash. et ai.. Revue R oum . C him 23 158. ,o„ , 

8 * e follow,n 8 biphenyl compound No com™ w 
substiru^onthebiphenv,^^,^ No compounds 
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kaamura. et al.. JP patent 60209539 describes certain biphenyl compounds used as 
intermediates for the production of liquid crystais including the following. The biphenyl is not 
substituted in these intermediates. 



R l O 



wherein R l is an aikyl of I -10 carbons. 

Thyes. et al.. DE patent 2854475 uses the following compound as an intermediate. The 
biphenyl group is not substituted. 



(>-(><C> Y OH 



Sammour, et al M Egypt J. Chem. ii, 31 1.1972 and Couquelet, et al.. Bull. Soc. Chim. Fr. 
9, 3196, 1971 describe certain dialkylamino substituted biphenoylpropanoic acids including the 
following. In no case is the biphenyl group substituted. 



=\ O N 



20 (X><^Y 



OH 

O 



wherein K\ R 2 = aikyl, benzyl. H, or, together with the nitrogen, morpholinyl. 
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Others have disclosed a series of biphenyl-containing carboxylic acids, illustrated by the 
compound shown below, which inhibit neural endopeptidase <NEP 24. 11 ), a membrane-bound zinc 
metal loprotease (Stanton, et al.. Bioorg. Med. Chem. Lett. 4, 539, 1994; Lombaert. et al.. Bioorg. 
Ntcd. Chem. Len. 4, 2715. 1994; Lombaert, eial.. Bioorg. Med. Chem. Lett. £ T 145. 1995: Lombaen. 
et al.. Bioorg. Med. Chem. Lett. 1, 151. 1995). 



It has been reported that N-carboxyalkyt derivatives containing a biphenylethyi glycine, 
illustrated by the compound shown below, are inhibitors of stromelysin-1 (MMP-3), 72 kDA 
gelatmase (MMP-2) and collagcnase (Durette, et al.. WO-9529689). 



It would be desirable to have effective MMP inhibitors which possess improved 
bioavailability and biological stability relative to the peptide-based compounds of the prior art, and 



PhO 




F 




CH, 
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which can be optimized for use against particular target MMPs. Such compounds are the subject 
of the present application. 

The development of efficacious MMP inhibitors would afford new therapies for diseases 
mediated by the presence of. or an excess of MMP activity, including osteoarthritis, rheumatoid 
arthritis, septic arthritis, tumor metastasis, periodontal diseases, cornea] ulcerations, and proteinuria. 
Several inhibitors of MMPs have been described in the literature, including thiols fBeszant. et al.. 
J. Med. Chem. 2£, 4030, 1993). hydroxamic acids (Wahl. et al. Bioorg. Med. Chem. Lett. 349. 
1995. Conway, et al. J. Exp. Med. 122, 449. 1995; Porter, et ai.. Bioorg. Med. Chem. Lett. 4, 2741, 
1994; Tomczuk. et al.. Bioorg. Med. Chem. Lea. 5, 343, 1995; Castelhano, et al., Bioorg. Med. 
Chem. Lett. 1, 1415, 1995), phosphorous-based acids (Bird, et al. J. Med. Chem. 21* 158, 1994; 
Morphy. etal.. Bioorg. Med. Chem. Lett. 4, 2747, 1994; Kortylewicz, et al.. J. Med. Chem. H, 263. 
1990). and carboxylic acids (Chapman, et al. J. Med. Chem. 3£, 4293, 1993; Brown, et al.. J. Med. 
Chem. 12. 674. 1 994; Morphy. et al., Bioorg. Med. Chem. Lett. 4, 2747, 1994; Stack, et al.. .Arch. 
Biochem. Biophys. 2&L 240, 1991; Ye. et al.. J. Med. Chem. H 206. 1994; Grobelny, et al.. 
Biochemistry 21, 6145, 1985; Mookhtiar. et al.. Biochemistry 2L 4299. 1988). However, these 
inhibitors generally contain peptidic backbones, and thus usually exhibit low oral bioactiviry due 
to poor absorption and short half lives due to rapid proteolysis. Therefore, there remains a need for 
improved MMP inhibitors. 

SUMMARY OF THE INVENTION 

This invention provides compounds having matrix metalloprotease inhibitory activity. These 
compounds are useful for inhibiting matrix metalloproteases and, therefore, combating conditions 
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to which MMP'. contribute. Accordingly, the present invention also provides pharmaceutical 
compositions and methods for treating such conditions. 

The compounds described relate to a method of treating a mammal comprising administering 
to the mammal a matrix metailoprotease inhibiting amount of a compound according 10 the invention 
sufficient to: 

i a) alleviate the effects of osteoarthritis, rheumatoid arthritis, septic arthritis, periodontal 
disease, corneal ulceration, proteinuria, aneurysmal aortic disease, dystrophobic 
epidermolysis, bullosa, conditions leading to inflammatory responses, osteopenias mediated 
by MMP activity, tempero mandibular joint disease, demyelating diseases of the nervous 
system; 

(b) retard tumor metastasis or degenerative cartilage loss following traumatic joint injury; 

(c) reduce coronary thrombosis from athrosclerotic plaque rupture; or 

(d) effect birth control 

The compounds of the present invention are also useful scientific research tools for studying 
functions and mechanisms of action of matrix metalioproteases in both in vtvo and in vitro systems. 
Because of their MMP-inhibiting activity, the present compounds can be used to modulate MMP 
action, thereby allowing the researcher to observe the effects of reduced MMP activity in the 
experimental biological system under study. 

This invention relates to compounds having matrix metailoprotease inhibitory activity and 
20 the generalized formula: 

T.A-B-D-E-G . (L) 



15 



to 
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In the above generalized formula <U T,A represents a substituted or unsubstiiuted aromatic 
6-membered ring or heteroaromatic 5 - 6 membered ring containing 1 - 2 atoms independently 
selected from the group of N. O. or S. T represents a substituted acerylenic moiety. 

In the generalized formula a), B represents an aromatic 6-mcmbered ring or a 
heteroaromatic 5 - 6 membered ring containing 1 - 2 atoms independently selected from the group 
of N. O. or S. It is referred to as the B nng or B unit. When N is employed in conjunction with 
either S or O in the B ring, these heteroatoms are separated by at least one carbon atom. 

In the generalized formula (L), D represents 

V ~ x \ \ - H \ * H 

C=0 C = NOH C=S C c 

/ / / f OH / H 

In the generalized formula (L), E represents a chain of n carbon atoms bearing m substiruents 
R* in which the R 6 groups are independent substiruents, or constitute spiro or nonspiro rings. Rings 
may be formed in two ways: a) two groups R 6 are joined, and taken together with the chain atom(s) 
to which the two R* group(s) are attached, and any intervening chain atoms, constitute a 3 - 7 
membered ring, or b) one group R* is joined to the chain on which this one group R 6 resides, and 
taken together with the chain atom(s) to which the R 6 group is attached, and any intervening chain 
atoms, constitutes a 3 - 7 membered ring. The number n of carbon atoms in the chain is 2 or 3, and 
the number m of R 6 substituents is an integer of t - 3. The number of carbons in the totality of R* 
groups is at least two. 

Each group R* is alkyl, alkenyl, alkynyl, heteroaryl, non-aromatic cyclic, and combinations 
thereof optionally substituted with one or more heteroatoms as described more fully below. In the 
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generalized formuia <U E is a substituted mono- or tricyclic moiety optionally substituted with one 
or more heteroatoms. 

In the generalized formula (L). G represents -P0 3 H, -M 

°<^) OR 13 fl-N 

-C-N-g-M . -fi-jJ-g-M .or --4^ 

in which M represents -CO : H, -CON(R") : or -CO : R' 2 . and R IJ represents any of the side chains of 
the 19 noncyclic naturally occurring amino acids. 

The most preferred compounds of the invention are; 

where R ,J is selected from the group comprising: HOCH 2 , MeOCH 3 , (*-Pr) 3 NCH 3 , CH,CO : CH ; , 
EtOCO : CH ;t HO(CH 2 ) 3 , CH 3 CO : (CH : ) 2 , HOjCCCHJ,, OHCCCHj)* HCXCHj). Ph, 3-HO-Ph. and 
PhCH : OCH 2 ; and R 16 is 

O 

Ph 

or ^-v^N 




O 

Pharmaceuticaily acceptable salts of these compounds are also within the scope of the 
invention. 

In most related reference compounds of the prior art, the biphenyl portion of the molecule 
is unsubstituted, and the propanoic or butanoic acid portion is either unsubstituted or has a single 
methyl or phenyl group. Presence of the larger phenyl group has been reported to cause prior art 
compounds to be inactive as anti-inflammatory analgesic agents. See, for example, Child, et al. t J. 
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considered realistic drug candidates. 

The forego^ merely SMes cerain ^ of ^ presem mvention ^ _ 

Potions recited in .his speciflC3U0nare hereby ^ ^ referenceint ^ remirety 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

More part.cula., me compounds Qf (he pTOen! mvemion ^ ^ ^ ^ 

me.allopro.ease inhibitory ac.iviw and .he generalized formula: 

T.A-B-D-E-G (L) 

>n which T,A represents a substituted or unsubstituted u 

unsuosututed aromatic or heteroaromatic moiety selected 

from the group consisting of: 



R 



'.v ^ ,£r 

at 4 * 5 



T _.t^N ^ 



n 
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^o Utteapp a ca ^ m . edisp(ayedchemjc 



where R i0 i s 



is the structure 




I- *«e the aro^c ring is n[emd 

The B ring of generalized formula a) is „ . u • 

to the generalized fonnuia 0.) B 
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R 1 






N 
R' 







in which R 1 is defined as above. These rings are referred to as the B ring or B unit. 

In the generalized formula (L), D represents the moieties: 

\ \ \ \ -H \ ,H 

C=0 C=NOH C=S C C 

/ / / / OH / H 

In the generalized formula (L), E represents a chain of n carbon atoms bearing m substituents 
R\ referred to as R 6 groups or R*units. The R 6 groups are independent substituents, or constitute 
spiro or nonspiro rings. Rings may be formed in two ways: a) two groups R* are joined, and taken 
together with the chain atom(s) to which the two R* group(s) are attached, and any intervening chain 
atoms, constitute a 3 - 7 membered ring, or b) one group R* is joined to the chain on which this one 
group R 6 resides, and taken together with the chain atom(s) to which the R 6 group is attached, and 
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any intervening chain atoms, constitutes a 3 . 7 membered ring. The number n of carbon atoms in 
the chain is 2 or 3. and the number m of R* substiruents is an integer of i - 3. The number of 
carbons in the totality of R 6 groups is at least two. 

Each group R 6 is independently selected from the group consisting of the substiruents listed 
below as items 1) - u). 

1 ) alkyl of 1 . 10 carbons, provided that if the A unit is phenyl, the B unit is 
phenylene, m is L n is 2, and the alkyl group is located on the alpha carbon relative to the 
D unit, then x is I or 2; 

2) aryl of 6 - 10 carbons, provided that if the A unit is phenyl, the B unit is 
phenylene, the aryl group is phenyl, n is 2. and m is 1 or 2, then x is 1 or 2; 

3) heteroaryl comprising 4 - 9 carbons and at least one N, O. or S heteroatom; 

4) arylaikyl in which the aryl portion contains 6 - 10 carbons and the alkyl portion 
contains 1 - 8 carbons; 

5) heteroaryl-alkyl in which the heteroaryl portion comprises 4 - 9 carbons and at 
1 5 least one N, O, or S heteroatom, and the alkyl portion contains 1 - 8 carbons; 

6) alkenyl of 2 - 10 carbons; 

7) aryl-alkenyl in which the aryl portion contains 6-10 carbons and the aikenyl 
portion contains 2-5 carbons; 

8) heteroaryl-alkenyl in which the heteroaryi portion comprises 4 - 9 carbons and 
-° at least one N, O, or S heteroatom and the alkenyl portion contains 2 -5 carbons; 

9) alkynyl of 2 - 10 carbons; 
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10) aryi-aJk>Tiyi in which the aryi 
portion contains 2 - 5 carbons; 

1 1 ) heteroaryl-alkynyl in which the heteroary! 
at least one \\ 0, or S heteroatom and the aJkynyi 

l2HCH,),R 7 in whicht is 0 
consisting of: 



portion coma™ 6-10 carbons and the aj^, 
portion comprises 4 . 9 carbons and 



portion contains : ■ 5 carbons: 
or an integer of I - 5 and R' is selected from the 



group 



O. 

— N 







O 

-6 




0 

y™ 2 



R 2 0 R 2 
i ii i 
■N-C-N-R 2 



/~V(R') U 

— N Y 



R J O 
-N-C-OR 3 

R 2 
— N-R 2 



R 2 O 
■N-C-R 2 



03* 



when R 7 is 
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— NY N 
N ' or R : 

and the A unit is phenyl, the B unit is phenylene. m is 1. n is 2. and t is 0. then x is 1 or 2. 

1 3 MCH;XZR' in which v is an interger of 1 to 4, 2 represents -S-. -SfOK -SO : -. or 

5 -0-. and R* is selected from the group consisting of aikyl of 1 to 12 carbons, aryl of 6 to 10 

carbons, heteroaryl comprising 4 to 9 carbons and at least one N\ O. or S heteroatom: 

arylalkyl in which the aryl portion contains 6 to 12 carbons and the aikyl portion contains 

1 to 4 carbons: heteroarylalkyl in which the aryl portion contains 6 to 12 carbons and at least 
one N, O, or S heteroatom and the aikyl portion contains 1 to 4 carbons; -C(0)R' in which 

1 0 the R* represents aikyl of 2 to 6 carbons, aryl of 6 to 1 0 carbons, heteroaryl comprising 4 to 

9 carbons and at least one N, O, or S heteroatom, and arylalkyl in which the aryl portion 
contains 6 to 10 carbons or is a heteroaryl comprising 4 to 9 carbons and at least one N, O, 
or S heteroatom, and the aikyl portion contains 1 to 4 carbons with the provisos that when 
R' is -C(0)R* . Z is -S- or -0-; when Z is -O-, R 1 may also be -(C^O)^ in which q, r, and 

15 R 5 are as defined above; and when the A unit is phenyl, the B unit is phenylene. m is U n is 

2. and v is 0, then x is 1 or 2; and 

UHCHjX^LR^j in which w is an integer of 1 to 3, and R 10 represents aikyl of I to 

2 carbons. 

In addition, aryl or heteroaryl portions of any of the T or R* groups optionally may bear up 
20 to two substituents selected from the group consisting of -<CH 2 ) y C(R n XR ll )OH, -fCH^OR 11 , 
-<CH : ) y SR". KCH 2 ) y S(0)R ,t , -(CH 2 ) y S(0) ? R H , -(CH^OjNCR"^ -(CHj^NtR"),. 
•(OT 2 ) y N(R ,l )COR". -OC(R n ) a O- in which both oxygen atoms are connected to the aryl ring, 

/fir 
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of I - 4 carbons. R represenB 

^ the genera formu|a a) Q ^ ^ 

-C°-Q-M £ ?" tt-N 

fi ~C- rg -M .o, _4 .N 

T he G uni, is most preferab|y ana£hed to e ^ ^ ^ 
preferably a carboxyiic acid group. ' S 

" » » be understood that as used herein, the term "alkvl" 
and™. ■• M means s««ight. branched. cyclic 

"ng is Sobered, and N when said ring is 6-n.emb ho 

rin , c • . ^ «-n,embered. Particularly preferred heteroaromauc 

— , compounds are *ose in wUch . leas[ . 0 f the A and B units co mp Z 
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carries one subset group T on position 5. When B unit ,s thiophene. i« is preferab.y eonnected 
through positions 2 and 5 to D and A units respectively. 

In the generalized formula ft.), the A and B rings are preferab.y phenyl and phenviene 
respecve.y. the A nng preferab.y bears at .east one substituem group T preferab.y .ocated on the 
position furthest from the position of the A ring which is connected to the B ring, the D urut is 
preferably a carbonyl group, and the G unit is preferably a carboxyl group. 

In another embodiment, the mvention relates to compounds of generalized formula (L). ■„ 
meEumtofwhichnisZandmis .. These compounds thus possess two carbon atoms between the 
D unu and the G unit, and carry one substituem on this two-carbon chain. 

In another of its embodiments, the invention relates to compounds of generalized formula 
(L) in which the A ring is a substituted or unsubsututed phenyl group, the B ring is p-pheny.ene. and 
aryl portions of any aryl-containing R< moieties contain only carbon in the rings. These compounds 
thus contain no heteroaromatic rings. 

in another of its embodiments, the invention relates to compounds of generalized formula 
(Din which m is I and R 4 is an independent substituem. Tnese compounds are materials which 
coma.n only a single substituem R' on the E unit, and this substituem in no, involved in a ring. 
Preferred compounds within this subset have the formula 

-CH,CHR'COOH 

in which x i, 1 and the substituem group T is located on the 4- position of the A ring, relative to the 
point of attachment between the A and B rings. The para substituem group T of this subset is more 
preferably acetylene containing moities selected from the following group: MeOCH,C=C-. („- 
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Pr) : NCH : C>C-, CH 3 CO ; CH 2 C»C-. EiOCOXH s C«C.. HOCHX^C-, HO(CH :): C*C.. 
CH,CC«CHAC.C-. HOC(CH^C.C-. OHCfCHACC-. HO(CH s ) i C-C : . PhOC-. 3-HO*PhCsC 
and PhCH : OCH 2 CsC-. 

Other compounds of general formula (L) in which R 6 is -(CH^fC have r as an integer of 1-5. 
5 Preferred compounds of general formula (L) in which R* is -(CHjXZR 1 have v as an integer of I -4 
and 2 as -S- or -O-. Additional compounds of general formula (L) in which R 6 is alkyl contain 4 
or more carbons in said alkyl and those in which R* is arylalkyi contain 2-3 carbons in the alkyl 
ponion of said arylalkvl. 

In another of its embodiments, the invention relates to compounds of generalized formula 
1 0 (L) in which the number of substiruents m on the E unit is 2 or 3; and when m is 2, both groups R* 
are independent substiruents, or together constitute a spiro ring, or one group R 6 is an independent 
substiruent and the other constitutes a spiro ring; and when m is 3, two groups R* are independent 
substitucnts and one group R* constitutes a ring, or two groups R 6 constitute a ring and one group 
R° is an independent substituent, or three groups R* are independent substiruents. This subset 
1 5 therefore contains compounds in which the E unit is di- or tri- substituted, and in the disubstituted 
case any rings formed by one or both R* groups are spiro rings, and in the trisubstituted case, the R* 
groups may form either spiro or nonspiro rings. 

In another of its embodiments, the invention relates to compounds of generalized formula 
(L) in which the number of substiruents m on the E unit is 1 or 2; and when m is 1, the group R 6 
20 constitutes a nonspiro ring; and when m is 2, both groups R* together constitute a nonspiro ring or 
one group R 6 is an independent substituent and the other constitutes a nonspiro ring. This subset 
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therefore contains compounds in which the E unit carries one or rwo substituems R*. and at least one 
of these substituems is involved in a nonspiro ring. 

More particularly, representative compounds of generalized formula (L) in which one or 
more of the substiruem groups R 6 are involved in formation of nonspiro rings have E units of the 
following structures: 




1 5 (Hv^xj (CrVh^ 



Z-^(Crt«KA j — W*.#*& C fCR\M,.*)— j 

\__>- ( R'\ . ^fcvw^A 



t M,vr«X) <c*\HuJ c t \/** s 

\==>-m'\ .and ^c^kA 



in which a is 0, 1, or 2; b is 0 or 1; c is 0 or 1; d is 0 or 1; c + d is 0 or 1; e is 1 - 5; f is 1 -4; g is 3 
- 5; h is 2 - 4; i is 0 - 4; j is 0 - 3; k is 0 - 2; the total number of groups R* is 0, 1, or 2; U represents 
O. S, or NR l ; and z is 1 or 2; each group R 14 is independently selected from the group consisting of: 
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alkyl of 1 - 9 carbons; aryialkyi in which the aikyl portion contains 1 - 7 carbons and the aryl portion 
contains 6-10 carbons: aikenyl of 2 - 9 carbons; aryl -substituted aikenyl in which the aikenyl 
portion contains 2 - 4 carbons and the aryl portion contains 6 * 10 carbons; alkynyl of 2 ■ 9 carbons; 
ar> [-substituted alkynyl in which the alkynyl portion contains 2 - 4 carbons and the aryl portion 
5 contains 6 - 10 carbons; aryl of 6 - 10 carbons; -COR 2 ; -CO,R 3 ; -CON(R 2 ) : ; -(CH : XR 7 in which t is 
0 or an integer of I - 4; and -{CH : XZR' in which v is 0 or an integer of 1 to 3. and 2 represents -S- 
or -O-. R l , R 7 . and R 1 have been defined above. 

Preferred compounds of generalized formula (I) in which one or more of the substituent 
groups R 6 are involved in the formation of nonspiro rings have E units of the following structures: 
10 i > , 

iH ,V»- s C) ,CR\Hi*> fMl ^) BRi^j 

(H,.»R\C) fC»*»Hi^ 

\ -/ (*w* 

1 5 fCH^au/ 

in which au b. c, d, (c + d), e, g, i. k, the total number of groups R*,U, and R u are as defined above. 

The substituent group T is preferably an acetylene containing moiety with the general 
formula: 

R W (CH 3 ),C>C- 

20 where n is 1-4 and R 30 is selected from the group consisting of: HO-, MeO-, (n-Pr^N-, CH,COj-, 
CH 5 CH : OCO r . HOXX OHC-. Ph-. 3-HO-Ph- and PhCHXK provided that when R w is Ph or 3-HO- 
Ph,n = 0. 
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Most preferably, j IS; MeOCHC.C 

»oc„„,c.c. TOC „,,c.c. «. c . ;, 0 ^ 

The . . • ■» HO.PhC.C- and PhCH ; OCH.C. C . 

^ >UbSC " Pt * *fi« ,he nurabw Qf T . • 

1SPreferabiyonth ^-Posiuonofri„ gA . 
' he A n "8 'S preferably a phenyl or .hi™.. 

The B n "* ^ 

ring is preferably a | ,4-phenylene or "> 5-thionh 
M-phenyiene. * 1 ° Phene nn * ™« preferably 

T»eDu„i tIsmostpreferabIvacarbonyigroup 
^ 'he E group. RM spreferably . 

Dary.aUcy,^,^^^ 
contains,, g carbons; cartons and ,h e alicy, portlon 

conuin inganaromau . cresidue;or - and R is an unidoy, ^ 

^-(CH : ).ZR.wherei„visOora„ integerofI . 42 . s 

^ group * is „,« preferab|y ^ 
ubstirmed: * ny aromatic «** i» preferably 

' > ^ Wherei " - "* P— * Pheny, «, ^ ^ _ . 
carbons; ^ ^ 0n contauis 1 . 4 
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2) WO*' wherein « i s an i„ ttger ,. 3 , M(|R ,. 



Ph 

or 




71,058 Ski " ed " *• « appreciate that manv 0 f *e c 0m „ 

— , «*» ^ activjnes , bjoj ' — - - isomers 

-ota-. which possess inhibit ■ ^ ' nVe — « a„ possibie 

possess miub.tory acuity against an MMp regardless - . 

destgnanens. as we,, as tni^ of aereoiso . * * * aere <~c 

■a"™* of stereo.somers m which at least one m™u 
activity. one member possesses inhibitory 

v 7 ^•'^~~H,. 1 , KPta ,^ tlM1 4 



below: 
I) 



25 
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VI) ^HacetyloxvH- prop ^ 
vm 4 '43-[(ethoxycarbonyl)oxyH^ 
butanoic acid, 

VM j 4.hydroxy- 1 -burytiyO-y-oxo-a-f 3-phenylpropylH t . I -biphenylM-butanoic acid. 
DC) ^3-'aceryloxyHi>mp>7^ 

X) 4 '^-carboxy^-bur^^ 

XI) Y -oxo-4'-<5h)xo- 1 -penrynyl)-a-(3-phenyl P ropylM I . I 'biphenyl]-4-butanoic acid, 
XIH 4 V6-hyaxoxy-l-henynyl)- Y K^ 

XIII) Y-oxo^XphcnyicthynyD-ocO-phenyipropyD^l . r-biphenyi]-4-butanoic acid and 

XIV) 4 43-hydroxyphenyl)ethynylH^ ^ 

XV) I.3^ihydro-U^iow^^ 
yl]ethyl]-2//-isoindole-2-butanoic acid, and 

XVI) l-3-dihydro-a-[2-[4Xhydroxyem^ 
lso indole -2 -butanoic acid. 



General Preparative Methods: 

The compounds of the invention may be prepared readily by use of known chemical 
reactions and procedures. Nevertheless, the following general preparative methods are presented 
to aid the reader in synthesizing the inhibitors, with more detailed particular examples being 
20 presented below in the experimental section describing the working examples. All variable groups 
of these methods are as described in the generic description if they are not specifically defined 
below. The variable subscript n is independently defined for each method. When a variable group 
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with a given symbol (i.e R 9 ) is used more than once in a given structure, it is to be understood that 
each of these groups may be independently varied within the range of definitions for that symbol. 

General Method A - The compounds of this invention in which the rings A and B are 
substituted phenyl and phenylene respectively arc conveniently prepared by use of a Fnedel-C rafts 
5 reaction of a substituted biphenyl MO with an activated acyl-containing intermediate such as the 
succinic or glutanc anhydride derivative Mffl or acid chloride MIV in the presence of a Lewis acid 
catalyst such as aluminum trichloride in an aprotic solvent such as 1.1.2.2-tetrachloroethane. The 
well known Friedel-Crafts reaction can be accomplished with use of many alternative solvents and 
acid catalysts as described by Berliner. Org. React., 229. 1949 and Heaney, Comp. Org. Synth. 
10 2,733.1991. 

If the anhydride Mill is mono substituted or multiply-substituted in an unsymmetrical way, 
the raw product MI- A often exists as a mixture of isomers via attack of the anhydride from either 
of the two carbonyls. The resultant isomers can be separated into pure forms by crystallization or 
chromatography using standard methods known to those skilled in the an. 

1 5 ^"hen they are not commercially available, the succinic anhydrides Mill can be prepared via 

a Stobbe Condensation of a diaikyl succinate with an aldehyde or ketone (resulting in side chain K b \ 
followed by catalytic hydro genation. hydrolysis of a hemiester intermediate to a diacid. and then 
conversion to the anhydride MHI by reaction with acetyl chloride or acetic anhydride. Alternatively, 
the hemiester intermediate is convened by treatment with thionyl chloride or oxalyl chloride to the 

20 acid chloride MTV. For a review of the Stobbe condensation, including lists of suitable solvents and 
bases see Johnson and Daub t Org. React. £» 1, 1951. 



%7 
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This method as applied to the preparation of Mm fR< - H . isoburyl and H. n-penryl). has 
been described Wolanin. et al.. US Patent 4,771.038. 
Method A 



10 



O 

, , . n=X \— n Lewis acid /= 



Mil 



Mill 
n ■ 2 or 3 




Ml- A- 1 




MI-A-2 



15 



20 




miu-a 

n-0-3 



M]-A-3 



Base 




Method A is especially useful for the preparation of cyclic compounds such as MI-A-3, in 
which two R 6 groups arc connected in a methylene chain to form a 3-7 member ring. Small ring (3-5 



IS 
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as DBL mTHF. Tne substituted four member rin» ™«- 

mbCT nng ^'"S ™»rial anhydrides such as Mffl-A I 
are termed m a photochemical 2-2 reacuon as shown below TV. m „ h „ 

""oeiow. This method is especially useful for 

°> conversion to 2-<trimethylsilvl)ethvl ester n,. ■ 

■ y ' " ter - nt resu,tan < intermediate w,th R« = CH.OH can 
be convened to invention compounds with other R" m „ n u 

r , v ^"P* byus,n 8 Procedures described in 

General Method G. 



^ acetommle 



Mm-A-i p ,4 



Methods D. 

intermediate MVII, followed bv aii^i**;,. 

owed by alky.auon wtth a halomethyj biphenyl ketone MVm to yield 

intermediate MDC. Compounds of structure MK are then hv* . , 

ture Mia are then hydrolyzed with aqueous base and heated 
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Method B has the advantage o. y^ sjngle ^ ^ 

«« '^^'^lyuseftUwhentheside^,,.^ " * 

ri„™ ,u . ntam aromatic * heteroaromatic 

"ngs that may participate in intramolecular acylation na 

u»ar acylation reacuons to give side products if Method A 
to be used. This method is also very useful when me , 
P , hen * eR ^"P^jacenttothecarboxylofthe 

final compound contains heteroatoms such as 0 *v„„ ,« 

, , t " 0Xygen - * « niwgen, or more complex 

functions such as imide rings. 



3* 
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METHOD B 



ME 



10 




MI-B-I MI-B-2 



When R 6 contains selected functional groups Z, malonate MVII can be prepared by 
alkylating a commercially available unsubstituted malonate with prenyl or allyl halide, subject this 
product to ozonalysis with reductive work-up, and the desired z group can be coupled via a 
20 Mitsunobu reaction (Mitsunobu, Synthesis 1 1 1 98 1 ). Alternatively, the intermediate alcohol can be 
subjected to alkylation conditions to provide malonate MVII containing the desired Z group. 



3/ 
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))NaR THF.thcn 
isoprenyl bromide 



R l3 0 




i: 2)03 ( CH ; CUihea 
NaBH„ NfeOH 



R IJ 0 



o o 



OR 



12 



0 0 3) Mitsunobu 

MV1 3) CBt 4 , or PhjP 

4) Alkylanon 



MVTT 
R 6 - (CH : ),Z 



General Method C - Especially useful is the use of chiral HPLC to separate the enantiomers 
of racemic product mixtures (see. for example. Arit, et al., Chem. Int. Ed. Engl. 30, 1991). The 
compounds of this invention can be prepared as pure enantiomers by use of a chiral auxiliary route. 
See. for example. Evans. Aldrichimica Acta. 1£(2), 23, 1982 and other similar references known 



General Method D - Compounds in which R 6 are alkyl- or aryl- or heteroaryl- or acyl- or 
heteroarylcarbonyl-thiomethyiene are prepared by methods analogous to those described in the 
patent WO 90/05719. Thus substituted itaconic anhydride MXVI (n - t) is reacted under 
Friedel-Crafts conditions to yield acid MI-D-l which can be separated by chromatography or 
crystallization from small amounts of isomeric MI-D-5. Alternatively, MI-D-5s are obtained by 
reaction of invention compounds MI-D-4 (from any of Methods A through C) with formaldehyde 
in the presence of base. 

Compounds MI-D-1 or MI-D-5 are then reacted with a mercapto derivative MXVII or 
MXVIII in the presence of catalyst such as potassium carbonate, emyldiisoburylamine, 
te tra butyl ammonium fluoride or free radical initiators such as azobisisoburyronitrile (AJBN) in a 
solvent such as diethylformamide or tctrahytfrofuran to yield invention compounds MI-D-2, MI-D-3, 
MI-D-6, or MI-D-7. 



10 



to one skilled in the art. 
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Method D 





MI-CM 



OH Formaldehyde 
Base 

O (TV 




MI-D-5 



MI-EM 



h' Sx r* MXVII 



HS^R* 



Mxvra 




MI-D-3 



15 



M-I-D-5 



HS^R 9 



Mxvm 



« R 6 OH 



H " s - R « mxvd co; 




or 



20 



6 R* OH 




M-I-D-7 
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General Method E - Biaryl compounds such as those of this application may also be prepared by 
Suzuk. or Still, cross-coupling reactions of aryl or heteroaryl metallic compounds m which the 
metal is zinc. tin. magnesium, lithium, boron, silicon, copper, cadmium or the like with an aryl or 
heteroaryl halidc or inflate (trifluoromethane-sulfonate) or the like. In the equation below either 
Met or X is the metal and the other is the halide or triflate (OTf). Pd(com) is a soluble complex of 
palladium such as tetrakisltriphenylphosphineJ-palladiumfO) or bis- (triphenylphosphine)- 
palladiumiED chloride. These methods are well known to those skilled in the art. See. for example. 
Suzuki. Pure Appl. Chem. £2, 213. 1994; Suzuki. Pure Appl. Chem. 62,419. 1991; and Farina and 
Roth. "Metal-Organic Chemistry" Volume 5 (Chapter 1), 1994. 

The starting materials MXXm (B = 1.4-phenylene) are readily formed using methods 
analogous to those of methods A. B. C. or D but using a haiobenzene rather than a biphenyl as 
starting material. When desired, the materials in which X is halo can be converted to those in which 
X is metal by reactions well known to those skilled in the art, such as treatment of a bromo 
intermediate with hexamethylditin and palladium tetrakistf phenylphosphine in toluene at reflux to 
yield the trimethyltin intermediate. The starting materials MXXm (B - heteroaryl) are most 
conveniently prepared by method C but using readily available heteroaryl rather than biphenyl 
starting materials. The intermediates MXXH are either commercial or easily prepared from 
commercial materials by methods well known to those skilled in the art. 
Method E 



(T\A-Met X-B-E-G 



(D.A-B-D-E-G 



MXXH MXXm Pd(com) " MI-E 

T, x. A, B, E and G as in Structure (L) 
Met - Metal and X = Halide or Triflate 
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or 

Met - Halide or Triflate arid X = Metal 

These general methods are useful for rh. „ 

for the p reparanon of compounds for fried 

reacons such as those of Methods A B C n, n , 

B. C. or D would lead to mixtures with vanous biarv, 

like msread of phenyls. g hc 

General Method F - When tw- d« 

^^^^^^-to^a^.,^^^ 
nng as ln Intermediate .MXXV below th. m„ u, acyclic 

° Ub,e b ° nd CM * ™«* °« of conjugaaon with the 
ketone group by lreaimem ^ wo J g on with the 

or r,s u ^^^^^'"hiumdiisopropyla^de 

0rluh,un,he '"«'ethylsilylamide or the like followed., ; 

x _ ,kefo,lowed b y quench to yield compounds with the 

structure MXXVI. Reaction of MXXV, with n, 

MXXVI wtth mercapto derivatives using methods ^ 
those of General Method D then , .• -«°gous to 

1,16,1 Ieads ,0 compounds MI-F-I or MI.F-2. 
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r = \ _ Lewis acid 
'CH^ Solvent 



MXXIV 
n- 1.3 




Vfl-F-1 



General Method G - The compounds of this invention in which two R« groupf are joined 
to form a substituted 5-member ring are most conveniently prepared by method G. In this method 
acid CII (R - H) is prepared using the protocols described in Tetrahedron U, Suppl., 411, 1981. 
The acid is protected as an ester [eg. R = benzyl (Bn) or 2^trimethylsilyi)ethyl (TMSE)] by use of 
coupling agents such as l^imethylaminopropyM^ hydrochloride and 

procedures well known to those skilled in the art. Substituted bromobiphenyl Cm is converted to 
its Grignard reagent by treatment with magnesium and reacted with CI to yield alcohol CVT. 
Alcohol CVI is eliminated via base treatment of its mesylate by using conditions well known to 
those skilled in the art to yield olefin CVD. Aitemauvely Cm is converted to a trimethyltin 
intermediate via initial metallauon of the bromide with n-butyMthium at low temperature (-78 °C) 
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followed by treatment with chlorotrimethyltin and CI is convened to an enoltriflate (CH) by reaction 
with 2- (>f2^bis(trifluoromethylsulfo^ in the presence of a strong aprotic 

base. The tin and enoltriflate intermediates are then coupled in the presence of a Pd° catalyst. Cul 
and AsPhi to yield directly intermediate CVII. Ozonolysis of CVII (workup with methylsufide) 
yields aldehyde CVm. Alternatively treatment with OsO, followed by HI0 4 converts CVII to 

cvm. 

Method G 

ci 

ClPyNTfc 

ROjC 



cn 



DBuLi 
2) CISnMc, 





-Q-O 

r Cm:X-Br 
^ CIV: X - SnM«, 



*CH 2 OH 



cvra 



Mitsunobu, 
acyixbon or 
aikylanon 



O COjR 

^CH,OTj 
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Conversion of key intermediate CVm to the targeted patent compounds is accomplished in 
several ways depending on the identity of side chain function Z. Reaction of CVm with Winig 
reagents followed by hydrogenatton yields products in which Z is alkyl and or arylaikyl. Selective 
reduction of aldehyde CVO with a reducing agent such as lithium tris ((3-ethyl- 
3penryl)oxy]aluminum hydride (LTEPA) yields alcohol CDC. The alcohol is converted to phenyl 
ethers or a variety of heteroatom substituted derivatives used to generate sidechain Z via the 
Mitsunobu conditions well known to those skilled in the art (see Mitsunobu, Synthesis. 1, 1981). 
Alternatively the alcohol of CDC is converted to a leaving group such as tosylate (CX) or bromide 
by conditions well known to those skilled in the an and then the leaving group is displaced by an 
appropriate nucleophile. Several examples of this type of reaction can be found in Norman, et al., 
I Med. Chem. 2Z 2552. 1994, Direct acylation of the alcohol CDC yields invention compounds in 
which Z = OAcyl and reaction of the alcohol with various alkyl halides in the presence of base 
yields alkyl ethers. In each case a final step is removal of acid blocking group R to yield acids (R 
= H) by using conditions which depend on the stability of R and Z. but in all cases well known to 
1 5 those skilled in the art such as removal of benzyl by base hydrolysis or of 2-ftrimethylsiiyl)ethyl by 
treatment with tetrabutylammonium fluoride. 

General Method H - Amides of the acids of the invention compounds can be prepared from 
the acids by treatment in an appropriate solvent such as dichloromethane or dimethylformamide with 
a primary or secondary amine and a coupling agent such as dicyclohexylcarbodiimide. These 
20 reactions are well known to those skilled in the art. The amine component can be simple alkyl or 
arylalkyl substituted or can be amino acid derivatives in which the carboxyl is blocked and the 
amino group is free. 
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««»—- w-^— 

" «U or HF . *■* 

Merfaod f 

R' 

dicUorobiitnpheDyl MM-l 
pbosptune piUadtte 

Suitable pharniaceutically acceptable salts of ,„ 
... . , * ° f * eCOmpoundsof ^P^m invention include 

can . m f . . S - ne Salt '« derived from such bases 

can be meta , ,<,„,. e . g „ ^ ^ 

m( .„. • SOdlum or P°a«iura. alkaline earth 
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These and other salts which are not necessarily physiologically acceptable are useful 
isolating or purifying a product acceptable for the purposes described below. For example, the 
of commerciaily available enantiomerically pure amines such as (-Kmchomne in suitable solvents 
can yield salt crystals of a single cnatiomer of the invention compounds, leaving the opposite 
enantiomer in solution in a process often referred to as "classical resolution." As one enantiomer 
of a given invention compound is usually substantially greater in physiological effect than us 
anupode. this active isomer can thus be found purified in either the crystals or the liquid phase. The 
salts are produced by reacting the acid form of the invention compound with an equivalent of the 
base supplying the desired basic ion in a medium in which the salt precipitates or in aqueous 
medium and then iyophilizing. The free acid form can be obtained from the salt by conventional 
neutralization techniques, e.g.. with potassium bisuifate, hydrochloric acid, etc. 

The compounds of the present invention have been found to inhibit the matrix 
metalloproteases MMP-3. MMP-9 and MMP-2, and to a lesser extent MMP-l. and are therefore 
useful for treating or preventing the conditions referred to in the background section. As other 
1 5 MMPs not listed above share a high degree of homology with those listed above, especially in the 
catalytic site, it is deemed that compounds of the invention should also inhibit such other MMPs to 
varying degrees. Varying the substituents on the biaryl portions of the molecules, as well as those 
of the propanoic or butanoic acid chains of the claimed compounds, has been demonstrated to affect 
the relative inhibition of the listed MMPs. Thus compounds of this general class can be "tuned" by 
20 selecting specific substituents such that inhibition of specific MMP(s) associated with specific 
pathological conditions can be enhanced while leaving non-involved MMPs less affected. 
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into the synovial spaces. Examples include the subcutaneously implanted osmotic pumps available 
from ALZA, such as the ALZET osmotic pump. 

Nasal delivery may be achieved by incorporation of the drug into bioadhesive particulate 
comers < <?00 ~m ) such as those comprising cellulose, polyacrylate or polycarbophil. in conjunction 
with suitable absorption enhancers such as phospholipids or acylcamitines. Available systems 
include those developed by DanBiosys and Scios Nova. 

A noteworthy attribute of the compounds of the present invemion in contrast to those of 
various peptidic compounds referenced in the background section of this application is the 
demonstrated oral activity of the present compounds. Certain compounds have shown oral 
bioavailability in various animal models of up to 90 • 98 %. Oral delivery may be achieved by 
incorporation of the drug into tablets, coated tablets, dragees, hard and soft gelatine capsules, 
solutions, emulsions or suspensions. Oral delivery may also be achieved by incorporation of the 
drug into enteric coated capsules designed to release the drug into the colon where digestive protease 
activity is low. Examples include the OROS-CT/Osmet™ and PULSINCAP™ systems from AT 7 A 
and Scherer Drug Delivery Systems respectively. Other systems use azo-crosslinked polymers that 
are degraded by colon specific bacterial azoreductases, or pH sensitive polyacrylate polymers that 
are activated by the rise in pH at the colon. The above systems may be used in conjunction with a 
wide range of available absorption enhancers. 

Rectal delivery may be achieved by incorporation of the drug into suppositories. 

The compounds of this invention can be manufactured into the above listed formulations by 
the addition of various therapeutically inert, inorganic or organic carriers well known to those skilled 
in the art. Examples of these include, but are not limited to, lactose, com starch or derivatives 

4* 
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thereof, talc, vegetable oils, waxes, fats, polyols such as polyethylene glycol, water, saccharose. 

alcohols, glycerin and the like. Various preservatives, emulsificrs, dispersants. tlavorants. wetting 

agents, antioxidants, sweeteners* colorants, stabilizers, salts, buffers and the like are also added, as 

required to assist in the stabilization of the formulation or to assist in increasing bioavailability of 

the active ingrediem(s) or to yield a formulation of acceptable flavor or odor in the case of oral 

dosing. 

The amount of the pharmaceutical composition to be employed will depend on the recipient 
and the condition being treated. The requisite amount may be determined without undue 
experimentation by protocols known to those skilled in the art. Alternatively, the requisite amount 
may be calculated, based on a determination of the amount of target enzyme which must be inhibited 
in order to treat the condition. 

The matrix mctalloprotease inhibitors of the invention are useful not only for treatment of 
the physiological conditions discussed above, but are also useful in such activities as purification 
of metailoproteases and testing for matrix metal I opro tease activity. Such activity testing can be both 
in vitro using natural or synthetic enzyme preparations or in vivo using, for example, animal models 
in which abnormal destructive enzyme levels are found spontaneously (use of genetically mutated 
or transgenic animals) or are induced by administration of exogenous agents or by surgery which 
disrupts joint stability. 

EXAMPLES 

The following examples are offered for illustrative purposes only and are not intended, nor 
should they be construed, to limit the invention in any way. 
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General Procedures: 

All reactions were performed in flame-dried or oven-dried glassware under a positive 
pressure of argon and were stirred magnetically unless otherwise indicated. Sensitive liquids and 
solutions were transferred via syringe or cannula and were introduced into reaction vessels through 
rubber septa. Reaction product solutions were concentrated using a Buchi evaporator unless 
otherwise indicated. 

Materials: 

Commercial grade reagents and solvents were used without further purification except that 
diethyl ether and tetrahydroruran were usually distilled under argon from benzophenone keryl, and 
methylene chloride was distilled under argon from calcium hydride. iMany of the specialty organic 
or organometallic starting materials and reagents were obtained from Aldrich, 1 00 1 West Saint Paul 
Avenue, Milwaukee, WI 53233. Solvents are often obtained from EM Science as distributed by 
VWR Scientific. 
15 Chromatography: 

Analytical thin-iayer chromatography (TLC) was performed on Whatman* pre-coated 
glass-backed silica gel 60 A F-254 250 ^m plates. Visualization of spots was effected by one of the 
following techniques: (a) ultraviolet illumination, (b) exposure to iodine vapor, (c) immersion of 
the plate in a 10% solution of phosphomolybdic acid in ethanol followed by heating, and (d) 
20 immersion of the plate in a 3% solution of p-anisaldehyde in ethanol containing 0.5% concentrated 
sulfuric acid followed by heating. 

Column chromatography was performed using 230-400 mesh EM Science* silica gel. 
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Analytical high performance liquid chromatography (HPLC) was performed at I mL min" 
on a 4.6 x 250 mm Micro sorb* coliimn monitored at 288 run, and semi -preparative HPLC was 
performed at 24 mL min' 1 on a 21 .4 x 250 mm Microsorb* column monitored at 288 nm. 

Instrumentation: 

Melting points (mp) were determined with a Thomas-Hoover melting point apparatus and 
are uncorrected. 

Proton ('H) nuclear magnetic resonance (NMR) spectra were measured with a General 
Electric GN-OMEGA 300 (300 MHz) spectrometer, and carbon thirteen ( l3 C) NMR spectra were 
measured with a General Electric GN-OMEGA 300 (75 MHz) spectrometer. Most of the 
compounds synthesized in the experiments below were analyzed by nmr, and the spectra were 
consistent with the proposed structures in each case. 

Mass spectral (MS) data were obtained on a Kratos Concept 1-H spectrometer by 
liquid-cesium secondary ion (LCIMS), an updated version of fast atom bombardment (FAB). Most 
of the compounds synthesized in the experiments below were analyzed by mass spectroscopy, and 
the spectra were consistent with the proposed structures in each case. 
General Comments; 

For multi-step procedures, sequential steps are noted by numbers. 
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Example 1- Prgpflr^p ofComn m| J y 

O^OEt 

Step 1 A dry 2-L, three-necked. round-bortomed flask was equipped with a stir bar. a pressure 
equalizing addition funnel, an argon inlet and a thermometer. The flask was charged with a 
suspense of sodium hydride (8.4 g of 95% NaH; -0.33 mol) in dry THF (700 mL) and was cooled 
with an ice water bath. Diethyl malonate (48.54 g. 0.30 mo.) was added dropwise from the addition 
funnel over 25 min. Stirring was continued for 1.5 h before adding l-bromo-3-phenylpropane (47 
mL. -61 g. -0.30 mol) over 10 min via the addition funnel. Rinses of the addition funnel (THF. 2 
x 1 0 mL) were added to the reaction mixture and stirring was continued for 30 min. The addition 
funnel and thermometer were replaced with a reflux condenser and stopper, and the reaction was 
heated at reflux for 1 9 h. The mixture was cooled to room temperature and then w,th an ice water 
bath. Distilled water (400 mL) was slowly added with stirring. The layers were separated and the 
aqueous phase was exacted with chloroform ( 1 00 mi.). The combined organics were washed with 
10% HC1 (250 mL) and the separated aqueous phase was back-extracted with chloroform (100 mL). 
The combined organics were washed with saturated NaHCO, (250 mL) and the separated aqueous 
phase was back-exwcted with chloroform (100 mL). The organics were dried (Na : SO.) and 
concentrated to yield a yellow oil which was purified by distillation through a Vigreux column at 
reduced pressure (0.4 torr). The fraction boiling at 124-138 'C was dean desired product (57.21 g, 
0.206 mol: 68% yield). TLC (50% hexanes-dichloromethane): R,= 0.32. 
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Step 2 A 1-L. one-necked, round bottom flask was equipped with a rubber septum and an argon 
inlet. The flask was charged with a solution of commercially available 4-bromobiphenyl (50.00g, 
0.215 mol) in dichloromethane (lOOmL). Bromoacetyl bromide (2 1 .OmL. 48.7g, 0.230 mo!) was 
added via syringe and the solution was cooled with an ice water bath to 0°C, while A1C1 3 (34.3g, 
0.258 mol) was added portionwise. Gas evolved from the opaque olive green reaction mixture. 
After 24h at room temperature, the reaction mixture was cautiously poured into a cold saturated 
aqueous NaHCOj solution. The resulting mixture was extracted with three 200mL portions of ethyl 
acetate, and the combined organic layers were dried over Na^SO, and concentrated to afford the 
desired product as a yellow solid in quantitative yield. TLC (30% dichloromethane -hexanes). R, 
- 0.30. 




20 Step 3 A dry 2-L, three-necked, round-bottomed flask was equipped with a magnetic stir bar, an 
argon inlet, and a pressure equalizing addition funnel. The flask was charged with a solution of the 
product of step 1 (63.0 g, 0.227 mol) in THF (500 mL). The reaction vessel was cooled with an ice 

¥7 
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water bath while sodium hydride (5.40 g of 95% NaH, 0.214 mol) was added slowly in portions. 
The reaction mixture was stirred for 1 h at 0 «C, and a solution of the product of step 2 (80.0 g, 0.2 1 5 
mol) indryTHF (300 mL) was added via addition funnel over ca. 20 man. The deep orange reaction 
mixture was stirred at room temperature under argon for 3 h. The reaction vessel was cooled in an 
ice water bath while distilled water (150 ml) was added cautiously. Trie aqueous phase was 
extracted with three 300 mL portions of ethyl acetate, the combined organic phases were dried over 
MgSO,. and concentrated to afford 124 g of a dark orange oil. This material was used in the 
following operation without purification. 

The orange oil was dissolved in 400 mL of t : 1 THF:methanol, and added to an aqueous 
NaOH solution (4 N, 500 mL. 2.00 mol). The reaction mixture was stirred for 24 h at room 
temperature, 48 h at 50 °C, and 24 hours at room temperature. The majority of MeOH was removed 
in vacuo and the residue extracted with a 200 mL portion of 1:1 ethyl acetate:hexanes and a 200 mL 
portion of hexanes. The aqueous phase was acidified with HCi t extracted with two 200 mL portions, 
and three 100 mL portions of ethyl acetate. The combined organic phases were dried over MgSO, 
15 and concentrated to afford a quantitative yield of diacid. TLC (10% methanol-chloroform with 1% 
acetic acid): R^0.45. 



10 



20 




Step 4 The unpurified diacid from step 3 was dissolved in 1,4-dioxane (500 mL) and heated to 
reflux for 24 h. The solvent was removed in vacuo, and a 10 g portion of the residue 
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propargyl alcohol (1.0 mL 0 96 B 17 ,v 

^- 0.96 g, 17 copper m jod . de (0022() ^ q 

acetare-hexanes with OJK acetic acid) affimfeH a 

CaC,d)affOnted,hecou P"''8P'od"cta S awh i ,eso 1 id(0.03S g 40%) 
of conpluig product as a white solid. MP 130 - C . 
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Exwple 3: Second off Chiralcei AD • column- 'H miud 

' -64-1 .w , m . 4 H ). ^ 2 65 ' - '.2 Hz. 2 H). 

S*^* < - Prrpnr.tiffn of ro m n n ,, n ii vj 

A oncneckel round-bortomed flask 
need., i„ iet was char d 8 rabb « «Pt»m and an argon 

g wtn O.j mL of pyridine. Example 1 (0.0070 g o 014 m , 
hydride (0.020 mL. 22 n« 0 'I mm h tv ^ Md Ketic 

' em ™' - — added to 30 «L of.N HC1 Tne , • " r ° 0m 



Aone-necced, ^ 

«-^«_ ( o.032 n U, 6mg 034 J )) ^ C °™- 0570 * 0 - 

for . 6 h a. room , ^ ^ KaCtioa m ™* was su^d 

'^a.roomte.npc,^^^^^^ — » 

^d^^^mx.^^^,^ HC1 - - 

M 8 SO, and concent ColumncHro ^ ^ ^ *" - 

owed, column chromatography on 10 g silica eel f40»/ ■ 

0.0 1%trifluoroaceticacid)afforiedlmg(i ^'-^-^orome^^ 

■»g(1.5/.)ofExample 7 . MS (FAB-LSIMS) 499 [M+H]\ 
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A one-necked. 2S-raI_ M ^, ma ^ 

- — . „. HPlc (Ii ;ir ™' Mts °" 
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HOCH : C=C 
HOCH,C*C 
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R.S 
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HOCH : C = C 


R 
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rv 


MeOCH 2 C«C 


R.S 




V 


(«-Pr) ; NCH,C=C 


R,S 




VI 


CH 3 CO : CHjCaC 


EtS 




VII 


EtOC0 3 CH : C«C 


R.S 




vm 


HO(CH^C»C 


R,S 


15 


DC 


CH,CO : (CHj),C=C 


its 




X 


HOjCCCH^C-C 


fts 




XI 


OHC(CH,) 3 C«C 


its 



m.p.(°C)/other cha racterization 
130 

'H NMR (300 MHz. CDCl,) 6 8.02 (d J - 
8.4 Hz, 2 H), 7.67 (d, J » g.7 Hz. 2 H), 7.58 
«. J = 8.7 Hz, 2 H), 7.53 <d. J = 8.4 Hz. 2 H) 
7-17-7.33 (m, 5 H), 4.54 (s, 2 H). 3.46 (dd, J 
-8.1, 16.8 Hz. 1 H), 3.02-3. 14 (m, 2 H), 2.65 
(U J = 7.2 Hz. 2 H), 1.64-1.84 (m, 4 H). 

'H NMR (300 MHz. CDCl,) 6 8.02 (d J = 
8.4 Hz. 2 H). 7.67 (d, J = 8.7 Hz, 2 H), 7.58 
(d. J = 8.7 Hz, 2 H), 7.53 (d, J = 8.4 Hz. 2 H) 
7.17-7.33 (m, 5 H), 4.54 (s, 2 H), 3.46 (dd, J 
-8.1,16.8 Hz, I H), 3.02-3.14 (m, 2 H), 2.65 
(U - 7.2 Hz. 2 H), 1.64-1 .84 (m, 4 H). 

136 

MS (FAB- LS IMS) 5 1 0 [M+H]* 
137 

MS (FAB-LSIMS) 499 [M+H]* 
124 

MS (FAB-LSIMS) 483 [M+H]*. 
184 

l H NMR (300 MHz, CDCl,) 6 9.70 (t, J « 
1.3 Hz, 1 H), 8.05 (<W= 8.4 Hz, 2 H), 7.70 
(d./- 8.4 Hz»2 H), 7.65 (d, J = 8.4 Hz, 2 H), 
7.44 (d,y« 8.4 Hz, 2 H), 7.15-7.35 (m, 5 H), 
3.46 (dd, J » 8.1, 16.8 Hz, 1 H), 3.14-3.02 
(m, 2 H). 2.67 (t, J « 7.2 Hz, 2 H), 2.48 (t, J 
- 7.5 Hz. 2 H), 2.41 (duJ = 1.3 Hz and 6.3 
Hz. 2 H), 1.96 (m, 2 H), 1.64-1.84 (m, 4 H). 
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Step 1 a solution of sodium hydride (4 35 - ... 

^^^^^^ 

40 m,n vta • dropping furmel After * ° 
•V-(2. bromoetnyl)phthalilnid 43 M "*» -P— ■ for 30 min. 

1 mmol) was added mt>,.« i ■ 

— was heated Ioreflux . , . d to the solution m one portion and the 

*ner 48 h the solution was cooled to o °r 
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0 COjAUy] Q 



Br 




Step 2 a solution of the product of step J (5 ">o g 14 6 mm i\ • ^ 

P g. M.6 mmoi) in freshly distilled THF (100 mF 

was cooled to 0 °C. while NaH n»< ■ * L> 
while NaH (385 mg„ 16.1 mmoi) was slowlv added After 40 

C quenched M „ ^ 

- — ^ ^ *— * 

i . j 1=- ' ne combined organic shaux. 

dnedover.VfeSO filt«»rf pnases were 

MgbO,. filtered and concentrated to afford 6.50 g (71 •/.) of «t« *. A 

luedin^m u Ug(71/o)ofthed «.red product which was 

- step 3 without purification. ^ 0Q% e|hy , ^ 




Step 3 A solution of the product of step 2 (6.S0 g 10 4 mm n » 

to0 - r VI „ ° g ' la4mmo, > lnl - 4 -<»"'«n e (100mt)w^cooled 
reaction mixture was poured into 2N HO (1 00 mL> n» . • 

I00mr . ' (100 mL). The resulting mature was exited with four 

100 ml portions of dichJoromethane th,. „ v* . 

— •.■**-0»- J - 4tal .. llt . fclk 



was 

temperature. 
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<he solution was concentrated and the residue was chm 



^-C=CH 



8 2 ° fTHF was barged with NaH (435 m B .7 , n 
'Cu^ep^^ * 17 -™ol)andcooled,oO 

g t i /.2 mmoJ) was added via wrin«- 
^un gmixnirewasstinBdat0 over =, Jmi , ^ 

h. poured into penune (150 ^ „ ^™ md * ™m temperature for 36 

F«iiane ( 1 50 mL), and washed with a I nn r 

1 H). Hz, 2 H), 2.47 (t, J = 2.4 Hz. 




Steps The proceduie of Example 1, step 5 was used ,„ 
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t-BuMe,SiO 

- d -<»-.r« r 

^^^^^^^^^ 

^i«»c was ancd over Mo^n -.^^ 
S of. yellow oa which was used in step 2 n^b ^ " ^ 

-'H Z .lH).0.89( s ,9H).0.n {s , 3H) . 



0.3. ^"^^y'^tate-hexanes);^ 



(10/. ethyl acetate-hexanes): jy, 0 . 4 . 
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i-BuM^SiO, 




Step 4 A one- necked, 50-mL. round-bottomed flask equipped with a rubber septum and an argon 
5 needle inlet was charged with 5 ml of THF. the product of step 3 (1.06 g, 2.94 mmol), and cooled 
to -78 °C while potassium hexamethyldisilazide (617 mg. 2.94 mmol) was added dropwtse via 
syringe. The reaction mixture was stirred at -78 °C for 30 min. trimethylsilyl chloride (0.374 ml. 
0.320 g, 2.94 mmol) was added dropwise via syringe, and the resulting mixture was stirred at -78 
~C for 3 h. The reaction mixture was warmed to 0 °C for I h. .V-bromosuccinimide (0,540 g, 2.94 
1 0 mmol) was added, and the mixture was allowed to warm to room temperacure and stirred 16 h. The 
reacuon rnixxure was poured into a 1 00 mL portion of aqueous saturated NH,C1. and extracted with 
three 50 mL portions of dichloromethane. The combined organic phases were dried over MgSO ( 
and concentrated. Column chromatography on 200 g of silica gel (gradient eiuuon with 0- 5% ethyl 
acetate-hexanes) afforded 0.264 g (20%) of the bromomethyl ketone. TLC (10% ethyl 
1 5 acetate-hexanes): 0.5 . 
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S«,p 5 The procedures of Example 15. steps 2-3 were used «o prepare the desired b.pheny. 
phthalirnide using the product of step 4. TLC (50% ethyl acetate-hexanes with 1 % acetic acid)- R_= 

O 

o 

Step 6 A one-necked. 50-mL. round-bortomed flask equipped with a rubber septum and an argon 
needle inlet was charged with 10 mL of CHXU, the product from step 5 (0.040 g, 0.067 mmoi),and 
2 mLof HF-pyridine. The resulting mixture was stirred for 10 minutes at room temperature, diluted 
with a 75 mL portion of water, and extracted with a 75 mL portion of CH ; Ch. The organic phase 
was dried over MgSO, and concentrated. Column chromatography on 5 g of silica gel (25% ethyl 
acetate-hexanes with 1% HOAc) afforded 6 mg (19%) of Example 16. MP 145 °C 



15 Example 17 

Biological Assays of Invention Compounds 
P218 Quenched Fluorescent A ^av for MMP ynhihitmnj 

Hie P218 quenched fluorescence assay (Microfluorometric Profiling .Assay) is a 
modification of that originally described by Knight, et ah. FEBS Lett. 22& 263, 1992 for a related 
substance and a variety of matrix metalloproteinases (MMPs) in cuvettes. The assay was run with 
each invention compound and the three MMPs, Mmp-3, MMP-9 and MMP-2. analyzed in parallel, 
adapted as follows for a 96-well microliter plate and a Hamilton AT* workstation. 

SB 
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«» * a ^ subsw|e 
meihoxycoumarin ( MCA) group in the N term, , ■ * 

fm,nal P ° S,t,0n "* a 3-C ^initrophenvlU , 3 
d.ammopmpionyl (DPA) group j„r erMlly . ^ is , „. . , ' 

, 199^ ow <no dl ficauon <* • peptide reported bv Knigh, 

( i W- ) that was used as a oih«^»- r * ^"S 111 

u«d as a substrate for matnx metalloproteinases. Once the P- , > 

BACHEM exclusively for Bayer. «H I.. (.««,„ 

H.MCA.P»l„. tw . UMi ,. £ ,.. I)1>A . Ali ^ ^ i 



--•"/-■« J :^. ) «,^ (100 ^ )h5nMiSi ^ 
- CC, 2J «. « O.0O5K MMJ ^ ^ _ J^ ' 

-t"*.*.— ^^^^^^^ 

t ww i n. olH M . i i I I , ^ m n . Ti 

1 5398. 1 992. L Chcm * ^ 
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Instnimentntmr 

nation M iC roia b AT Plus: The MMP-Profiling Assay „ ^ ^ ^ 

■nhib.tors automatical* from a 2 . 3 « stock in , 00% DMSO; ( 2 , distribme substtate ^ fav 
^-^-P'^forea^^ 

■he prog™ a, th e substrate addition poin, remixing the diluted inhibitors and beginntng the 
react-on by addition of enzyme. In this way. al> MMP assays were done using the same .nhibitor 

dilutions. 

UUUpon Cyofluor //. FolIowing incubation> ^ ^ ^ ^ ^ n 
fluorometrie plate reader with excitation a, 340 nM and emission at 395 nM with the gain set a, 80. 

Uicrofluoronerric Reacion Buffer (MRB): Dilution of test compounds, enzymes, and ?2 1 g 

^ nUCr ° flUOrometnC — ™* '« -mfluorometric reaction buffer consisting 
of 50 nM 2^orpholmo)etr*KsuJfonic acid (MES) at pH 6.5 with.OmM CaC.,, 150 mM Nad. 
0.005% Brij-35 and 1% DMSO. 
MtthntN - 

MMP Mi crofluoro met ric Profit Auay . ^ ^ u done ^ a ^ 
""^-""MPa.Sandappm^^^ 

The Hamilton is programmed to seri ally diluK up t0 , , compounds from a „ ^ ^ (J ^ 
DMSO) to lOx the final compounds concentrations in the assay. Initially, me instnimem deIivels 
various amounts of microfmoromentric reaction buffer (MRB) to a 96 tube rack of ! ml Marsh 

a 



SUBSTITUTE SHEET (RULE 26) 



in 
in 



WO 97/43245 

PCT/US97/07921 

z » — — „ « to! _ ^ 

— . - .. di,n*d 4 ^ „, ^ Politico , „„ tosrapte ^ 

7* ** DMS0 ** - * - — — ,» » 

t0 a sin S le 96 'ytofluor microti*, p i ate n, e instmmMI 
diluted compound from rows A to G in the Marsh r^v . 

(Row H represents the "background" row and 39 5 ul of \fPB «. „ r , 

° Ml of MRB is dehvered in placed of drug or 

containing ISOmMNaCt for | hour at room temp., followed by extensive H,0 ttashing and diying 

ai room temp.). 

Aner addition and mixing of the en^, the plate is covered incu^d for 25 .in „ 

tested is then distributed from a reaaent raelc th- • 

reagent rack to the mtcrouter plate with mixing, prior to covering 

and incubation. ^ « «F^d for all additiottal MMP's to be tested. 

ICSO Dere^n in Microfluoromttric ^ ^ ^ ^ ^ ^ ^ _ 

"Pied from an export ".CSV" f lIe to a master Excel spreadsheet Da* from sever* different 
MMPs (one 96 wel, p.ate per MMP, w W calculated simultaneous,, petcen, inhibition is 
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determination for each drug concentration by comparing the amount of hydxo.ysis (fluorescence 
units generated over 25 minutes of hydrolysis) of wells containing compound with the "enzyme 
only" wells in column 1. Following subtraction of the background the percent inhibition was 
calculated as: 

((Control values - Treated valuesyComrol values) x 100 
Percent inhibitions were determined for inhibitor concentrations of 5. I, 0.5. 0.1. 0.02. 0.005 and. 
0.001 uM of drug. Linear regression anaiysis of percnet inhibition versus log inhibitor 
concentration was used to obtain IC S0 values. 



COMP.# 
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MMP-3 Fluorogenic 
IC-50 


MMP-9 Fluorogenic 
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MMP-2 Fluorogenic 
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I - 24% 
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XIV 


125 


I = 46% 


85 


XV 


11 


40 


5 


XVI 


4 


2 
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Other embodiments of the invention will be apparent to those skilled in the an from a 
consideration of this specification or practice of the invention disclosed herein. It is intended that 
the specification and examples be considered as exemplary only, with the true scope and spirit of 
the invention being indicated by the following claims. 
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15 



We claim: 

1 Matrix metalloprotcinasc inhibiting compounds having the general formula; 

O 

wherein 

R' 5 is selected &om the group comprising: HOCH ; , MeOCH 3t (n-Pr) 3 NCH ; . CH,COXH,. 
EiOCaCH* HOJCH*. CH.COrfCKA. HO : C(CH 2 ), OHC(CH j))( HO(CH 2 ), Ph. 3-HO-Ph. and 
PhCH : OCH : ; and 

R 16 is selected from: 



Ph 

or 




O 



2. A composition having matrix metalloproteasc inhibitory activity, comprising a compound 
of claim 1 and a pharmaceutically acceptable carrier. 

3. A method of inhibiting matrix metalloproteasc activity in a mammal comprising 
administration of an effective amount of the matrix metailoprotease inhibitor compound of claim 
I to said mammal. 

20 4. The method of claim 3 wherein said mammal is a human. 

5. A method of treating a mammai comprising administering to the mammal a matrix 
metalloprotease inhibiting amount of a compound according to claim 1 sufficient to: 



ft 
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(a) alleviate the effects of omarthritis, rheumatoid arthritis, septic arthritis, periodontal 
disease, corneal ulceration, proteinuria, aneurysmal aortic disease, dystrophobic 
epidermolysis, bullosa, conditions leading to inflammatory responses, osteopenias mediated 
by MMP activity, tempero mandibular joint disease, demyelating diseases of the nervous 
system; 

(b) retard tumor metastasis or degenerative cartilage loss following traumatic joint injury: 

(c) reduce coronary thrombosis from a thro sclerotic plaque rupture: or 

(d) effect birth control. 



6. The method of claim 5 wherein the effect is alleviation of osteoarthritis. 



The method of claim 5 wherein the effect is retardation of tumor metastasis. 
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